Epididymal sperm aspiration and in-vitro fertilization (IVF) with intracytoplasmic sperm injection is an established treatment for obstructive azoospermia. Sperm aspiration is performed with either an incision or percutaneously. To control costs, minimize morbidity and retain the advantages of both approaches, we developed a miniincision technique for epididymal aspiration and here report sperm retrieval and procedure-related outcomes. Twenty-six consecutive patients with obstructive azoospermia underwent epididymal sperm retrieval through a 1 cm incision with local anaesthesia to provide spermatozoa for concurrent IVF cycles. The quality of retrieved spermatozoa, the quantity of spermatozoa cryopreserved as well as anaesthetic requirement, recovery time and patient satisfaction were evaluated. Fresh epididymal spermatozoa were retrieved in 25 of 26 (96%) patients. In one patient, testicular sperm extraction was necessary. Excess motile spermatozoa were cryopreserved in 24 of 26 (92%) patients; a mean total motile count of 4.8ϫ10 6 motile spermatozoa were banked. The procedure was performed with 62% of patients receiving minimal i.v. sedation. Post-procedure recovery was rapid, with a median time to return to work of 2.0 days with a median of 2.0 pain pills taken. Procedurerelated satisfaction was high. The mini-micro-epididymal sperm aspiration achieves the goals of reliable retrieval of abundant epididymal spermatozoa with a single, minimally morbid procedure. It appears to combine the advantages of the incision and percutaneous approaches.
Introduction
Spermatozoa aspirated from an obstructed epididymis in conjunction with assisted reproductive techniques have been used for more than 10 years (Temple-Smith et al., 1985) . Pregnancy rates with standard in-vitro fertilization (IVF) and epididymal spermatozoa (Silber et al., 1990; Bladou et al., 1991) have been greatly augmented with the addition of intracytoplasmic 1260 © European Society for Human Reproduction and Embryology sperm injection (ICSI). At present, pregnancy success with the use of aspirated epididymal spermatozoa is virtually equivalent to that achieved with ejaculated spermatozoa and standard IVF (Silber et al., 1994; Tsirigotis et al., 1996; Cha et al., 1997) .
Although the role of IVF and ICSI in the treatment of men with congenital absence of the vas deferens or irreversible obstruction is well established, there is debate about the optimal method for epididymal sperm aspiration. The standard microsurgical approach (micro-epididymal sperm aspiration, MESA) involves controlled, microscopically guided aspiration of spermatozoa from the epididymis after anaesthesia (Schlegel et al., 1994; Cha et al., 1997) . A percutaneous procedure has also been described that is performed in the office without the aid of a microscope (Shrivastav et al., 1994; Tsirigotis et al., 1995 Tsirigotis et al., , 1996 . However, the reliability of this 'blind' approach and the sperm yield with this new technique may not be equal to that of the standard 'open' approach (Craft et al., 1995; Tsirigotis et al., 1995 Tsirigotis et al., , 1996 . We sought to develop a method of epididymal aspiration that would combine the precision of microscopically guided sperm aspiration with the simpler anaesthetic and procedural requirements of the percutaneous approach. This study reports specific urological and qualityof-life outcome measures associated with the mini-MESA procedure.
Materials and methods
The mini-MESA procedure was performed on 26 consecutive patients with obstructive azoospermia whose partners were undergoing concurrent IVF cycles. Intra-operative and laboratory records were reviewed retrospectively to furnish outcome data. In addition, a 10 min, formal, scripted telephone interview was conducted within 3 months postoperatively to assess quality of life and recovery issues. Sperm retrieval and patient anaesthetic requirements with the mini-MESA technique were compared with data obtained from a concurrent group of seven patients who underwent the standard MESA.
The mini-MESA procedure Epididymal sperm aspiration procedures were scheduled on the same day as ovum retrieval. In a microscope-equipped operating room, patients were prepared with iodine-based soap, and the scrotum washed well with normal saline. A spermatic cord block was placed with 5-8 ml of 1/4% bupivicaine (Abbott Labs, North Chicago, IL, USA). If elected by the patient, sedative medication consisting of midazolam (Roche Pharmaceuticals, Manati, Puerto Rico) and fentanyl (Abbott Labs) was given i.v. and vital signs and oxygenation continuously monitored. A skin weal was raised in the lateral upper scrotum, adjacent to the upper pole of the testis. As described previously for fine needle aspiration of the testis, the testis was held in a gauze 'wrap' so that the scrotal skin was stretched tightly over the testis . A 1 cm transverse incision was made Figure 1 . Location of the mini-micro-epididymal sperm aspiration incision. A 1 cm upper scrotal incision is shown that provides access to both testis and epididymis. and the tunica vaginalis space entered (Figure 1) . A self-retaining eyelid retractor was then placed in the incision to create a 'window' into the tunica vaginalis space. The posteriorly located epididymis was rotated into view by gentle traction on the testis or by the careful placement of a 7-0 prolene traction suture into the epididymal tunic (Figure 2A,B) . Suitable dilated epididymal tubules were identified under ϫ25 magnification ( Figure 2C ). Using microsurgical technique, the epididymal tunic was incised and an individual epididymal tubule isolated. Bipolar electrocautery and saline irrigation were used to obtain meticulous haemostasis of the cut edge of the epididymal tunic. The epididymal tubule was entered with a tangential incision with microscissors. Fluid and spermatozoa were aspirated with a 24-gauge angiocath-catheter (Becton Dickinson Vascular Access, Sandy, UT, USA) attached to a 1.0 ml syringe (Becton Dickinson Vascular Access) prefilled with 100 µl of Earle's Medium (Gibco BRL, Grand Island, NY, USA) supplemented with 4 mM sodium bicarbonate, 21 mM HEPES (Calbiochem-Novabiochem Corp., La Jolla, CA, USA), 0.47 mM pyruvate, and 10% v/v synthetic serum substitute (Irving Scientific, Santa Ana, CA, USA). Aspirated sperm suspension was expelled into 1.0 ml of similar medium maintained at 37°C and contained within a sterile, 5 ml test tube (Becton Dickinson, Franklin Lakes, NJ, USA). At each aspiration site, 10 µl of extracted fluid was examined under ϫ400 bright-field microscopy for the presence of motile spermatozoa. As is it known that sperm maturation increases with epididymal passage (Golan et al., 1996) , aspiration sites progressed from distal (cauda) to proximal (caput) epididymis until motile spermatozoa were observed in the aspirated fluid. Test tubes containing motile spermatozoa were immediately transferred to the IVF team for micromanipulation.
Epididymal tubules and the epididymal tunic were closed with interrupted 10-0 and 9-0 nylon sutures respectively. The tunica vaginalis space was irrigated with saline and local anaesthetic placed within the space before closure with a 4-0 absorbable suture. The scrotal skin was reapproximated with similar suture. If insufficient sperm numbers resulted from unilateral exploration, a similar procedure, if possible, was carried out on the contralateral epididymis. Patients were given 10 pain pills (300 mg acetaminophen with 30 mg codeine) on discharge from the procedure unit. 
Laboratory evaluation and sperm cryopreservation
After surgical retrieval, sperm quality was formally analysed by an andrologist in the IVF laboratory. Aspirate volume, sperm concentration, percentage motility and forward progression were assessed according to established methods (World Health Organization, 1992) . The total motile sperm count was calculated using the formula: (volume)ϫ(sperm concentration)ϫ(motile fraction). An aliquot of fresh spermatozoa was taken for the concurrent IVF cycle and the remainder cryopreserved in a 1:1 dilution of sperm suspension to Test-yolk buffer (Irving Scientific) in 1.0 ml vials according to established methods (Madadevan et al., 1983) . Spermatozoa were diluted with sperm wash medium to obtain a concentration of 10 5 motile spermatozoa/vial prior to cryopreservation.
Oocyte stimulation and retrieval, ICSI and embryo transfer
Female partners underwent pituitary desensitization with a gonadotrophin hormone-releasing hormone agonist and ovarian stimulation with human menopausal gonadotrophins (Pergonal or Fertinex; Serono, Norwell, MA, USA). Human chorionic gonadotrophin (HCG, Profasi; Serono) was administered when at least three follicles attained a 17 mm diameter at a consistent serum oestradiol concentration. Oocytes were retrieved 36 h later. Oocytes were handled in the laboratory according to the technique of Hillier et al. (1984) and cultured in Earle's culture medium with 5% CO 2 at 37°C. After 2 h incubation in Earle's culture medium, oocytes were denuded of cumulus cells using 80 U/ml hyaluronidase (Sigma Chemical Co., St Louis, MO, USA) in Earle's medium and gentle manipulation.
Motile epididymal spermatozoa were minimally processed and handled prior to micromanipulation. For ICSI, morphologically normal and progressively motile spermatozoa were recovered using a 'swimout' technique (Conaghan et al., 1997) . Briefly, 5 µl of undiluted sperm suspension was pipetted to the centre of a microdroplet (7 µl) of Earle's medium (when sperm progression poor) or polyvinylpyrrolidine (PVP; Irvine Scientific) (when progression adequate). Spermatozoa reaching the microdroplet edge were collected with a finely drawn ICSI pipette (Pacific Andrology Inc., Montrose, CA, USA), transferred to PVP for tail breaking, and injected directly into oocytes.
Following ICSI, oocytes were transferred into Earle's culture medium under mineral oil (Sigma Chemical Co.) and incubated for 16 h. Normal fertilization was confirmed only when two pronuclei were clearly visible in the oocyte cytoplasm. Embryos were transferred to the uterus either 24 h or 48 h after fertilization. Successful implantation was determined by appropriately rising serum β-HCG concentrations after transfer. A clinical pregnancy was confirmed with the presence of a fetal sac and heart beat on vaginal ultrasound 5 weeks later.
Post-procedure questionnaire
Postoperative outcome data were obtained by chart review and telephone interviews. A scripted questionnaire, conducted by personnel blinded to procedure results, was given by telephone to each patient between 1 and 3 months after surgery. The questionnaire was extensively reviewed by the Department of Epidemiology at the University of California, San Francisco to ensure neutrality of language. Detailed questions were asked of patients, including how they tolerated the procedure, the recovery period and their overall satisfaction. Data about patient recovery included the exact number of work-days missed, the number of prescribed pain pills taken, and the number of days it took to 'feel back to normal'. A return to 'normal' was defined as the ability to perform all preoperative activities without pain or discomfort. In addition, patients were stratified according activity level at work: 16 men (62%) had desk jobs, five (19%) performed field work and five (19%) were manual labourers. Satisfaction with the procedure and recovery period were assessed with linear scales (1 ϭ low to 5 ϭ high). Finally, patients were asked to rate their willingness to undergo the same procedure again should it be necessary.
Statistical analysis
Data were analysed using simple descriptive statistical analyses and compared, where appropriate, using Student's t-test. P Ͻ 0.05 was considered to represent a statistically significant difference.
Results
A total of 26 men underwent the mini-MESA procedure by a single surgeon (P.J.T.); complete clinical, laboratory and questionnaire follow-up was available on 25 patients. The obstructive conditions leading to epididymal sperm aspiration consisted mainly of patients with congenital absence of the vas deferens (CAVD) and prior vasectomy (with or without failed vasectomy reversal) ( Table I ). Some patients had had four prior aspiration procedures (Table I ). The mean age at surgery was 44.8 years (range 25-76). For comparative purposes, data on sperm cryopreservation were also obtained from seven consecutive patients each of whom underwent a standard, 'open' MESA procedure by the same surgeon during the same study period.
Anaesthesia requirements
A total of 22 men (85%) required a unilateral procedure and four (15%) needed bilateral simultaneous aspirations to retrieve spermatozoa. The mini-MESA procedure was performed under local anaesthesia in 10 (38%) patients while 16 (62%) received low-dose i.v. sedation in addition to local anaesthesia. Of the patients with bilateral mini-MESA, three received local anaesthesia with sedation and one had only local anaesthesia. Among all men receiving sedation, the mean dose of midazolam was 2.9 mg (range 1.5-6.0) and that of fentanyl was 104 mg (range 0-250).
Sperm harvest and cryopreservation
Sufficient, fresh epididymal spermatozoa (i.e. enough spermatozoa to inseminate all available eggs by IVF and ICSI) was obtained in 25/26 (96%) patients. One patient with a history of vasectomy required testicular sperm extraction to procure sufficient spermatozoa as epididymal exploration was unsuccessful. The existence of previous scrotal surgery was not associated with mini-MESA failure or the need to perform 
IVF and ICSI results with epididymal sperm
Fertilization and pregnancy outcome are given in Table II . On average, 68% of eggs injected with epididymal spermatozoa fertilized normally. A clinical pregnancy was obtained in 50% of all attempted cycles. In one couple (no. 16, Table II) , no embryo transfer occurred following initiation of the cycle because no normal-appearing embryos were obtained after micromanipulation.
Procedure-related outcomes
Surgical complications occurred in two patients (8%): a slight wound separation and a small scrotal skin seroma. Both healed well with supportive care. A history of previous scrotal procedures was not related to complications. Procedure-related outcomes of patient recovery and satisfac- Figure 3 ). Since the data on recovery were not strictly parametric, median instead of mean values were calculated. For example, two patients reported that they took 15 pain pills and Ͼ30 days to return to 'normal'; both worked as heavy manual labourers. As a baseline, 70% of men in the series had occupations that involved minimal activity (desk work), 15% had moderate activity (light field work) and 15% heavy activity (construction). Patient satisfaction parameters are shown in Figure 3 . In general, patients were highly satisfied with the comfort level achieved during and after the procedure.
Discussion
Although pregnancy rates with IVF and ICSI using epididymal spermatozoa from patients with obstructive azoospermia have improved remarkably in the last several years, many couples still require multiple IVF cycles to achieve a pregnancy (Cha et al., 1997) . This simple fact puts the burden on urologists to develop sperm aspiration techniques that are not only reliable and of low morbidity, but also have potential to harvest sufficient spermatozoa to enable multiple attempts at IVF and ICSI without repeated surgical procedures on the male partner. In our effort to achieve these treatment goals in men with irreversible ductal obstruction, we have developed the mini-MESA technique for epididymal sperm aspiration. This report represents an early attempt to quantify several important outcome measures by which the quality of sperm aspiration procedures can be judged. The standard MESA procedure is a reliable technique that is well suited for abundant sperm retrieval, but involves the use of strictly monitored sedation, and general or spinal anaesthesia (Schlegel et al., 1994; Tournaye et al., 1994) . In addition, urological outcomes and sperm cryopreservation data have not been well documented with this technique. Alternatively, a percutaneous approach to epididymal sperm aspiration (PESA) has been reported (Shrivastav et al., 1994; Tsirigotis et al., 1995) . This procedure is not microsurgical in nature, but involves sperm harvest by needle puncture of the epididymis. Multiple, bilateral needle punctures have usually been performed to retrieve spermatozoa for IVF/ICSI cycles . Despite its apparent simplicity, general anaesthesia has been used for the procedure in several series (Shrivastav et al., 1994; Craft et al., 1995; Tsirigotis et al., 1996) . In addition, PESA may not be as reliable a technique as the standard MESA procedure, as sperm retrieval rates range from 67 to 90% in published series (Craft et al., 1995; Tsirigotis et al., 1995 Tsirigotis et al., , 1996 . The ability of the technique to provide sufficient spermatozoa for both a concurrent IVF cycle and for cryopreservation also remains unclear. Finally, there are few published data to support the assumption that the percutaneous approach is less traumatic, is easily repeated and has less associated morbidity than the standard MESA.
The mini-incision MESA procedure described here is a combination of the standard MESA and PESA procedures in that it involves the direct, microscopic aspiration of epididymal spermatozoa but uses a small incision that is well tolerated under local anaesthesia. The procedure yielded sufficient epididymal spermatozoa for both ICSI/IVF and cryopreservation in Ͼ90% of attempts. Moreover, a high quantity of spermatozoa can be retrieved for cryopreservation; in our series the quantity of spermatozoa appeared to be equivalent to that after standard MESA by the same surgeon. Associated with this are data on complications, recovery and satisfaction that suggest that procedure-related morbidity is minimal. Furthermore, an outcome survey indicated that patients were quite willing to undergo the procedure a second time if necessary. The lack of need for formal anaesthesia with this technique at our institution results in a significant cost saving: $750.00 per procedure. The mini-MESA is reliable following multiple prior scrotal procedures: 38% of patients in this series had one or more prior scrotal surgeries. The versatility of the incision was demonstrated in one patient in whom epididymal spermatozoa were not found. In this case, testicular aspiration was accomplished by positioning the testis within the 'window' incision created in the tunica vaginalis space intended for the epididymis. No further incisions or anaesthesia were needed. Thus, the smaller incision associated with this technique appears reliable and versatile even in those patients with prior scrotal procedures or past aspirations.
Interestingly, despite the low requirement for pain pills after the procedure, rapid return to work and high satisfaction rates overall, the finding that a median of 10 days was needed before patients felt 'normal' was unexpectedly high. Normal, unrestricted activities were encouraged for all patients 5 days after the procedure. As part of the formal postoperative interview, an exact definition of 'return to normal' was not offered to patients; instead, free interpretation was encouraged.
This result suggests, as many reproductive urologists have surmised, that male genital tract procedures may be associated with a larger psychological impact, relatively speaking, than equally invasive procedures performed elsewhere on the body. It may also be related to the fact that these procedures were performed on relatively young, healthy men who, for the most part, were naive to surgical procedures.
The surgical technique and results of epididymal sperm aspiration through a small (1.0 cm) incision using local anaesthesia with sedation are here reported. Urological outcomes associated with 26 cases of the mini-MESA technique in men with obstructive azoospermia revealed that sperm retrieval was successful in Ͼ95% of cases, suggesting that the procedure is reliable. In addition, the quantity of motile sperm retrieved for cryopreservation is equivalent to that obtained with standard 'open' MESA and may exceed that obtained with percutaneous aspiration (PESA) techniques. Post-procedure recovery data indicate that minimal patient morbidity is incurred and that there is high procedure-related satisfaction. Minor delays in wound healing may be seen, and occurred in 8% of cases in this study. Based on these data, we offer the mini-MESA technique as an alternative to 'open' MESA and possibly the PESA approach for sperm retrieval, as it appears to combine the advantages of both.
